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Fig. 1. AFM images of the surface of QCM electrodes. 
(A)(B) non-modified gold electrode; (C)(D) 1-undecanethiol (1-UD) modified electrode; (E)(F) 11-amino-1-
undecanethiol (11-AUD) modified electrode; (G)(H) 10-carboxy-1-decanethiol (10-CUD) modified electrode. 
Topographic images (A,C,E,G) and phase images (B,D,F,H) are shown. Scale bar = 200 nm.
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Table 2. Summary of the interaction between RolA and 1-UD-modified surfaces, water contact angle of 
surfaces with adsorbed RolA, and shape of self-assembled RolA structures.
pH KD (nM)* Bmax (ng)*
Water contact angle (°) Shape of RolA structures
RolA 6 ng RolA 30 ng RolA 6 ng RolA 30 ng
4 N.C. N.C. 99.6±2.0 94.5±1.9 Sphere Mesh
7 135.0±35.8 9.1±1.9 84.4±6.1 79.2±4.0 Sphere Rod
10 200.7±49.1 4.6±2.6 96.2±1.7 N/A Sphere N/A
*Values were calculated from the first plateau.
N.C., not calculable; N/A, not assessed.
Table 3. Summary of the interaction between RolA and 10-CUD-modified surfaces, water contact angle 
of surfaces with adsorbed RolA, and shape of self-assembled RolA structures.
pH KD (nM)* Bmax (ng)*
Water contact angle (°) Shape of RolA structures
RolA 6 ng RolA 30 ng RolA 6 ng RolA 30 ng
4 71.3±0.6 4.0±1.2 59.2±3.8 51.9±2.4 Sphere Short rod
7 187.3±69.0 2.4±1.2 60.5±1.3 N/A Sphere N/A
10 396.5± 31.8 1.0±0.0 55.8±3.2 N/A Sphere N/A
*Values were calculated from the first plateau.
N.C., not calculable; N/A, not assessed.
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Table 4. Summary of the interaction between RolA and 11-AUD-modified surfaces, water contact angle 
of surfaces with adsorbed RolA, and shape of self-assembled RolA structures.
pH KD (nM)* Bmax (ng)*
Water contact angle (°) Shape of RolA structures 
RolA 6 ng RolA 30 ng RolA 6 ng RolA 30 ng
4 N.C. N.C. 90.4±2.5 62.3±2.9 Sphere Short rod
7 49.4±0.3 1.7±0.2 51.0±0.8 N/A Sphere N/A
10 N.C. N.C. 62.3±2.2 N/A Sphere N/A
*Values were calculated from the first plateau.
N.C., not calculable; N/A, not assessed.
406
Fig. 2. QCM monitoring of interaction between RolA and 1-undecanethiol surface, and AFM images of 
the RolA-adsorbed surfaces. 
(A) Adsorption amount of RolA on 1-UD-modified electrode in response to addition of RolA. Solid line and 
square : pH4. Dashed line and circle : pH7. Dotted line and triangle : pH10. The area where the RolA 
concentration under 1,000 nM is shown in an enlarged view of the inset. The arrows and lower case letters in 
the graph indicate the adsorbed amounts of RolA to the electrodes of which surfaces were observed with AFM. 
(B) The AFM images of the surface topographic and phase. (a)(b) the surface on which 6 ng of RolA adsorbed 
under the condition of pH 4; (c)(d) the surface on which 6 ng of RolA adsorbed under the condition of pH 7; 
(e)(f) the surface on which 6 ng of RolA adsorbed under the condition of pH 10; (g)(h) the surface on which 30 
ng of RolA adsorbed at pH 4; (i)(j) the surface on which 30 ng of RolA adsorbed under at pH 7. For each AFM 
image, the structures formed by RolA are indicated by arrows. Image size is 1 μm × 1 μm. Scale bar = 200 nm.
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Fig. 3. QCM monitoring of interaction between RolA and 10-carboxy-1-decanethiol surface, and AFM 
images of the RolA-adsorbed surfaces.
(A) Adsorption amount of RolA on 10-CUD-modified electrode in response to addition of RolA. Solid line 
and square: pH4. Dashed line and circle: pH7. Dotted line and triangle: pH10. The area where the RolA 
concentration under 1,000 nM is shown in an enlarged view of the inset. The arrows and lower case letters in 
the graph indicate the adsorbed amounts of RolA to the electrodes of which surfaces were observed with 
AFM. (B) The AFM images of the surface topographic and phase. (a)(b) the surface on which 6 ng of RolA 
adsorbed under the condition of pH 4; (c)(d) the surface on which 6 ng of RolA adsorbed under the condition 
of pH 7; (e)(f) the surface on which 6 ng of RolA adsorbed under the condition of pH 10; (g)(h) the surface on 
which 30 ng of RolA adsorbed at pH 4. For each AFM image, the structures formed by RolA are indicated by 
arrows. Image size is 1 μm × 1 μm. Scale bar = 200 nm.
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Fig. 4. QCM monitoring of interaction between RolA and 11-amino-1-undecanethiol SAM surface, and 
AFM images of the RolA-adsorbed surfaces. 
(A) Adsorption amount of RolA on 11-AUD-modified electrode in response to addition of RolA. Solid line and 
square: pH4. Dashed line and circle: pH7. Dotted line and triangle: pH10. The area where the RolA 
concentration under 1,000 nM is shown in an enlarged view of the inset. The arrows and lower case letters in 
the graph indicate the adsorbed amounts of RolA to the electrodes of which surfaces were observed with AFM. 
(B) The AFM images of the surface topographic and phase. (a)(b) the surface on which 6 ng of RolA adsorbed 
under the condition of pH 4; (c)(d) the surface on which 6 ng of RolA adsorbed under the condition of pH 7; 
(e)(f) the surface on which 6 ng of RolA adsorbed under the condition of pH 10; (g)(h) the surface on which 30 
ng of RolA adsorbed at pH 4. For each AFM image, the structures formed by RolA are indicated by arrows. 
Image size is 1 μm × 1 μm. Scale bar = 200 nm.
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Fig. 5. Schematic models of adsorption and self-assemble of RolA on various solid surfaces.
(A) The schematic model of interaction between RolA and 1-UD / 10-CUD / 10-AUD-modified solid surfaces 
under various pH conditions. At pH 4, zeta potential of RolA is near zero and RolA showed high affinity to the 
three solid surfaces (1-UD / 10-CUD / 10-AUD-modified surfaces). At pH 7, zeta potential of RolA is negative 
and RolA showed lower affinity to three solid surfaces than at pH 4. At pH 10, zeta potential of RolA is more 
negative than at pH 7 and RolA showed lower affinity to three solid surfaces than at pH4 and pH 7. (B) The 
schematic model of adsorption and self-assembly of RolA on the 1-UD-modified surface under various pH 
conditions. At pH 4, 7 and 10, First, RolA molecules (small gray spheres) adsorb on the surface. As the amount 
of RolA adsorbed on the surface is increased, RolA forms the spherical structures (big gray spheres). As the 
amount of RolA adsorbed on the surface is further increased, RolA forms the mesh-like structures (gray mesh) 
at pH 4 and the rod-like structures (gray rods) at pH 7. At pH 10, the amount of RolA adsorbed on the surface 
is less than at pH 4 and 7, and RolA forms only the spherical structures. (C) The schematic model of adsorption 
and self-assembly of RolA on the 10-CUD or 11-AUD-modified surface under various pH conditions. First, 
RolA molecules (small gray spheres) adsorb on the surfaces. As the amount of RolA adsorbed on the surfaces 
is increased, RolA forms the spherical structures (big gray spheres). As the amount of RolA adsorbed on the 
surfaces is further increased, RolA forms the short rod-like structures (gray rods) at pH 4. At pH 10, the amount 
of RolA adsorbed on the surface is less than at pH 4 and 7, and RolA forms only the spherical structures.
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Fig 6. Model for formation and transfer of the RolA Langmuir film onto (a) the hydrophilic SiO2 and (b) 
the hydrophobic SiO2.
After a 100-μL aliquot of RolA solution (0.40 mg/mL) was spread on the buffer surface, the barrier sticks were 
moved to compress the air–water interface to form the RolA Langmuir film. The RolA Langmuir film was then 
transferred onto the SiO2 substrate (A) by slowly pulling up the SiO2 substrate previously immersed in the buffer, 
or (B) by slowly and vertically inserting the SiO2 substrate into the buffer.
Table 5. Langmuir film characteristics of RolA at pH 5.
Pressure point of π-A isotherm of RolA π* (mN/m) Cs−1** (mN/m)
Transition pressure point 1 (πtr1) 4.83 ± 0.10 17.37 ± 0.47
Transition pressure point 2 (πtr2) 9.78 ± 0.60 17.81 ± 0.35
Self-assembly pressure point (πtrs) 13.17 ± 0.50 −4.94 ± 1.86
Collapse pressure point (πc) 34.25 ± 1.75 47.20 ± 4.97
*π is the surface pressure of the RolA Langmuir film.
** Cs−1 was calculated from π-A isotherm plots using equation (1).
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Fig 7. Isotherm profiles for RolA Langmuir film. 
(A) Surface pressure (π)-area that a RolA molecule occupies on the liquid surface (A) isotherm of RolA at 20°C; 
10-mM sodium acetate buffer, pH 5. (B) Compression moduli (Cs−1)-A isotherm of RolA at 20°C; 10-mM 
sodium acetate buffer, pH 5. Compression moduli (Cs−1) were calculated from the π-A isotherm. πtr1, πtr2, πtrs, 
and πc shown on the isotherms represent transition pressure point 1, transition pressure point 2, self-assembly 
pressure point, and collapse point in Table 1, respectively.
Fig 8. Atomic force microscopy topography images and height profiles of RolA Langmuir films on 
hydrophilic SiO2 substrates.
(A) RolA Langmuir film transferred onto the SiO2 substrate when the surface pressure was πtr1. (B) RolA 
Langmuir film transferred onto the SiO2 substrate when the surface pressure was πtr2. (C) RolA Langmuir film 
transferred onto the SiO2 substrate when the surface pressure was πtrs. (D) RolA Langmuir film transferred onto 
the SiO2 substrate when the surface pressure was πc. Image size is 1 μm 1 μm. Scale bars = 200 nm.
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Fig 9. Atomic force microscopy topography images and height profiles of RolA Langmuir films on 
hydrophobic SiO2 substrates.
(A) RolA Langmuir film transferred onto the SiO2 substrate when the surface pressure was πtr1. (B) RolA 
Langmuir film transferred onto the SiO2 substrate when the surface pressure was πtr2. (C) RolA Langmuir film 
transferred onto the SiO2 substrate when the surface pressure was πtrs. (D) RolA Langmuir film transferred onto 
the SiO2 substrate when the surface pressure was πc. Image size is 1μm 1μm. Scale bars = 200 nm.




Water contact angle of RolA Langmuir films at each 
surface pressure
πtr1* πtr2* πtrs* πc*
Hydrophilic SiO2 <5° 19.2 ± 0.7° 31.4 ± 2.0° 31.3 ± 1.1° 66.6 ± 1.0°
Hydrophobic SiO2 94.7 ± 0.3° 82.9 ± 3.7° 75.5 ± 5.8° 74.1 ± 0.6° 57.3 ± 1.2°
*πtr1~2, πtrs and πc are the transition pressure points 1~2, the self-assembly pressure point and the collapse pressure 
point, respectively.
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Fig 10. Schematic models of rodlet and rod-like structures in RolA Langmuir films formed by 
compression. 
A RolA multilayer is transferred from the air–water interface onto the SiO2 substrate. A dark gray large circle or 
cylinder is a rod-like structure. A small circle or cylinder which has a black part (hydrophilic part) and a light 
gray part (hydrophobic part) is a RolA Langmuir film. (A) RolA multilayer is transferred onto the hydrophilic 
SiO2 substrate. Rod-like structures of RolA are exposed on the surface. (B) RolA multilayer is transferred onto 
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